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FOREWORD 


This  Fifth  Quarterly  Report  describes  research  and  development  performed 
by  Owens-Illinois,  Inc.,  under  Contract  DAAB07-70-C-0243.  The  work  is  being 
done  in  the  Electro-Optical  Display  Development  Department  ( EODD) ,  E.  A.  Oster, 
General  Manager.  Activities  related  to  phosphor  deposition  and  process  develop¬ 
ment  are  under  the  technical  direction  of  R.  A.  Martel.  Panel  evaluation  is 
under  the  direction  of  R.  W.  Burke.  The  investigation  and  development  of 
technology  for  circuitry  to  operate  devices  at  multiple  levels  of  intensity 
is  under  the  direction  of  W.  D.  Petty.  The  progi  m  manager  is  H.  J.  Hoehn, 
Manager,  Display  Panel  Development.  Members  of  the  Technical  Staff  other  than 
the  authors  who  have  contributed  to  this  project  during  the  fifth  quarter  are: 

W.  W.  Bode,  R.  Burke,  A.  Fazio,  M.  S.  Hall,  L.  Lohmarn,  F.  Mansur,  C.  Salisbury, 
R.  Browne,  R.  N.  Clark,  R.  W.  Gensler,  T.  Kaszynski,  D.  S.  Kitsmiller,  R.  King, 
C.  Malin,  W.  McCreary,  N.  Photos,  M.  Riggsbee ,  J.  K.  Rough,  and  M.  J.  Zayac. 

The  ECOM  Project  Engineers  are  M.  Crost  and  I.  Reingold. 
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ABSTRACT 


The  objectives  of  this  program  are  to  design,  fabricate,  and  evaluate 
a  plasma  panel  display  device  having  three-color  capability  and  to  investigate 

and  develop  a  technique  for  operating  such  a  device  with  at  least  three  levels 
of  intensity. 

Three  color  DIGIVUE?®  display/memory  panels  have  been  produced  by  the 
incorporation  of  selected  photo luminescent  phosphors  into  Xe- filled  devices. 
Over  forty  phosphor  panels  with  128  X  128  electrode-lines  were  evaluated. 

Seven  of  these  had  60  electrode- lines  per  linear  inch,  and  the  others  were  33 
lines  per  inch.  Phosphor  deposition  techniques  have  been  extended  to  provide 
uniform  coatings  over  larger  areas.  A  "multiple  photo-master"  system  has  been 
devised  to  compensate  for  variations  in  panel- substrate  movement  during  normal 
processing.  Artwork  for  three-color  512  X  512-line  panels  has  been  procured, 
and  the  fabrication  of  electrode  plates  and  multiple  photo-masters  has  begun. 

Ar  electronic  drive  system  capable  of  addressing  a  128  X  128- line  area  was 
completed  and  checked  out.  The  unit  has  sustain-waveform  controls  suitable 
for  operating  panels  in  multiple  states  of  intensity. 
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1.  INTRODUCTION 


Three-color  plasma  panel  display  devices  have  been  fabricated  and 
functionally  demonstrated  at  33-1/3  lpi  and  at  60  lpi  total  cell-resolution. 
The  general  approach  was  to  incorporate  photoluminescent  phosphors  into  the 
Owens-Illinois  DIGIVUtfS  display/memory  panel.  This  is  a  glass- sealed ,  open- 
volume  panel  consisting  of  two  glass  substrates  with  orthogonal  electrode 
lines  covered  by  dielectric  layers  of  glass. 

The  ultimate  objective  of  this  program  is  to  fabricate  a  3-color  panel 
with  312  X  512  color  triads.  With  60  lines-per- inch  total  cell-resolution 
this  will  require  a  total  display-area  of  17"  X  17"  with  1024  X  1024  electrode¬ 
lines.  The  panel  should  be  capable  of  being  addressed  and  operated  with  3 
levels  of  intensity,  (including  the  "off"  state). 

Prior  to  this  report,  panels  with  128  X  128  electrode- lines  have  been 
fabricated  with  about  4,000  individual  dots  of  each  of  three  phosphor-elements, 
red,  blue,  and  green. 

Major  emphasis  during  the  fifth  quarter  was  directed  toward  the  following: 

(a)  Improvement  of  substrate  thermal  stabilization. 

(b)  Modification  of  phosphor  deposition,  photo-processing,  and 
attachment  techniques  to  provide  suitable  uniformity  over  a 
17"  X  17"  area. 

(c)  The  design  and  procurement  of  artwork  for  a  512  X  512-line 
3-color  panel. 

(d)  The  evaluation  of  static  performance  characteristics  for 
128  X  128  lines. 

(e)  The  construction  of  a  dynamic  test  unit  to  drive  a  128  X  128-line 
panel  in  a  3- level  mode. 
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2.  SUBSTRATE  STABILIZATION 


At  the  beginning  of  this  quarter  a  reliable 
by  Owens-Illinois,  Inc.,  was  adopted  for  use  in 
for  this  effort.  This  electrode-system  involves 
technology,  wherein  the  process  requites  that  th 
two  high- temperature  cycles  prior  to  the  actual 
pattern  per  se.  It  seemed  reasonable  to  assume 
cycles  will  aid  in  dimensionally  stabilising  the 


electrode- system,  developed 
the  preparation  of  parts 
the  use  of  thick- film 
e  substrates  be  subjected  to 
formation  of  the  electrode- 
that  these  high- temperature 
substrates. 


to  dHP  U“!d  C°  prepare  parts  during  this  quarter  is  designed 

to  provide  128  active  electrodes,  3.0  -  3.3  mils  in  width,  at  a  resolution  of 

„  *  Tl  T  1uCh*  *ncluded  in  the  Pattern  are  a  group  of  tick-marks,  to  be 

used  for  phosphor  alignment  and  plate  registration.  Two  sets  of  these  tick- 
rks  are  located  5.5"  apart  on  an  imaginary  reference  line  which  is  parallel 
to  and  centered  with  the  electrode-pattern.  These  tick-marks  are  indelibly 

flaZ/Tr%  °nt°  T  8ub8trate  at  the  aame  that  the  electrode-pattern  is 

mark8  are  u8ed  t0  insure  correct  placement  of  each  phosphor  color- 
field  on  a  given  substrate.  They  also  serve  another  useful  purpose,  in  that  they 
can  be  used  to  measure  accurately  dimensional  changes  in  the  substrate  which  * 
ight  occur  during  subsequent  processing  operations.  This  is  accomplished  by 
using  the  photomaster  from  which  the  electrode  part  was  made.  The  photomaster 
is  placed  in  contact  with  the  parts,  adjusted  for  parallel  alignment  with  the 
electrode-pattern  on  the  part;  one  set  of  tick-marks  on  one  end  of  the  master 
JLP  aC!  i^diyect  coincidence  with  the  corresponding  set  of  tick  marks  on 
Part;  and  finaJ1y*  the  displacement  between  the  photomaster  tick-marks  and 

°!e°n  th*  Pa“  located  at  the  other  ^d  of  both  plates  is  measured,  using  a 
60  X  monocular  microscope  with  a  calibrated  measuring  eyepiece. 

A  group  of  38  parts  with  the  128-60  pattern  were  prepared,  30  of  which 
were  also  coated  with  dielectric.  Using  the  method  described  above,  all  of 
these  parts  were  examined  for  dimensional  changes,  and  the  results  are  depicted 
in  Figure  1.  As  shown,  all  plates  expanded  through  both  the  electrode  and 
electric  cure-cycles.  Those  plates  with  only  cured  electrodes  expanded  an 

aV!r!?ei°f  2*2  mllS  P6r  lnch’  whereas  thosG  Plates  with  both  cured  electrodes 
and  dielectric  expanded  an  average  of  3.1  mils  per  inch. 

.  ,.,?n,VieW  °f  these  results,  a  new  group  of  plates  was  prepared,  using  a 
modified  process.  The  bare  substrates  were  subjected  to  the  following 
pre-heat  treatment: 


Up- rate  -  3°F/min. 

Plateau  -  1160°F  for  1  hour 
Down- rate  -  l°F/min. 


2 


PLATE  NUMBER 


CUMULATIVE  PLATE  EXPANSION,  MILS 
(5.5  INCH  MEASURED  DISTANCE) 


FIGURE  1.  128-60  PLATE  STABILITY  STUDY 
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These  parts  were  then  Drocessad  in  *-u_  „„  ,  , 

dimensional  changes  after  the  electrode  cure  i  ^  bUt  meaSured  f°r 

Figure  2  depicts  the  remits  obtained  1Z  ™  ^  dielectric  cure, 

cure  is  0.8  mil  pec  inch  and  1  9  mil  ■  •  \  expansion  through  electrode 

dielectric  cure-cycles  Al^ou^h  5 J  after  both  electrode  and 

dimensional  changes  occurring  in  the  elates^  treatment  significantly  reduced 
changes  are  stilf  large  enough L  u  nmC^^rJ/^68^8'  ‘hesa 

both  phosphor  deposition  and  final  device-f ssembW  nart TT  C°nditio™  for 
larger  assemblies.  embly,  particularly  in  relation  to 

processing,  a  third  group  of  plaiJTsubstra Jes^  Chang®S  in  the  substrate  during 
treatment:  P  s^rates  were  subjected  to  a  new  pre-heat 


Up- rate  -  3°F/min. 

Plateau  -  1170°F  for  3  hours 
Down- rate  -  l°F/min. 

It  was  therefore  judged  that  all  changes  y  experience  in  standard  processing, 
sequence  following  the  above  described  substr  °CCurred  in  the  n°™al  processing- 
and  of  no  consequence  in  obtaining  satisfactoV'.n^ 

the  ;i::::1are,sh°“n  in  3-  *«•  «««* 

and  1.6  mils  per  inch  for  parH  ^r„  lncrease  °£  °-8  -il  per  inch, 

indicting  no  appreciable  improvement  over  the  ccondlro'upM  CyCl'S’ 

effecrr^r^Lur^;  r^LX%rLrrr*invhr suss  is- *• 

cycles  are  of  such  a  magnitude  as  to  causers  ,7  Ch  re<luired  processing  heat- 
repeatedly  and.  in  terms  of  this  applicntlon  s^mc"  C°  «°» 

average^fter  tL^dUUc^rtc-cyclf 'LTT^  0r/e''iatl<>”  £"  ^-.ion  from  the 
which  were  pre-heat  treated  ^  ^  narr°Wed  Considerably  for  those  plates 


1st  group  -  10.0  mils 
2nd  group  -  4.0  mils 


e  ithe^th^elect  rode  "or  phosphor  Spl 8  tratetIC0Vemenu  COuld  >°SSibly  be  -da 

difficult  to  achieve  in  reality  aid' ITT  JrtwoJk;  however»  this  ®*y  be  very 

bility  of  substrate  movement  in’the  proces's  ^notheV15011  the,  aCCurate  P^edicta- 

Lne  process.  Another  approach,  which  may  be  more 
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CODE 


FIGURE  2.  128-60  PLATE  STABILITY  STUDY 


UMULATIVE  PLATE  EXPANSION,  MILS 
(5.5  Inch  Measured  Distance) 
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FIGURE  3.  128-60  PLATE  STABILITY  STUDY 
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CUMULATIVE  PLATE  EXPANSION,  MILS 
(5.5  Inch  Measured  Distance) 


practical  but  certainly  not  without  some  similar  drawbacks,  is  presently  being 
considered.  This  method  will  involve  the  preparation  of  thin- film  metal 
photomasters  on  glass  which  can  be  subjected  to  heat-cycles  similar  to  those 
used  for  the  fabrication  of  parts  for  device  assemblies.  Conventional  chrome 
masks  would  not  survive  this  processing,  but  this  problem  can  be  readily 
circumvented  by  using  a  thin-film  metal  system  developed  by  Owens-Illinois,  Inc., 
and  employed  in  the  fabrication  of  standard  DIGIVU#  di splay/ memory  panels. 

By  creating  an  inventory  of  a  few  photomasters  prepared  in  this  manner  and 
generating  displacement  data  on  each  master,  the  selection  of  a  photomaster  which 
will  suitably  match  a  fabricated  part  should  be  fairly  simple.  This  method 
may  very  well  provide  a  solution  to  both  phosphor- alignment  and  plate- registration 
for  assembly. 
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3.  PHOSPHOR  DEPOSITION 


The  transfer  of  the  phosphor-deposition  technology,  developed  earlier  at 
the  Owens-Illinois  Corporate  Research  Laboratory  in  Okemos,  Michigan,  was 
completed,  and  this  capability  vas  successfully  demonstrated  in  the  new  DIGIVUE^® 
display/memory  facilities  at  Levis  Development  Park  in  Perrysburg,  Ohio.  Subsequent 
to  this  effort  the  activities  were  concentrated  toward  the  adaptation  of  this 
process  to  the  fabrication  of  larger  3-color  display  panels  -  ultimately  the 
3-color  1024-60  panel. 

Prior  to  this  quarter  the  technique  used  for  applying  the  Cermifax  photo¬ 
resist  (from  Kodak  Pathe'  )  was  manual  spraying.  Recognizing  that  this  method 
is  adequate  for  use  on  small  parts  but  would  probably  not  satisfy  the  thickness- 
uniformity  requirement  on  larger  parts,  all  of  the  necessary  parameter-adjustments 
were  made  to  apply  the  Cermifax  material  by  using  a  completely  automatic  spray 
system  which  can  ultimately  accommodate  the  3- color  1024-60  parts.  This  automatic 
system  is  presently  being  used  to  apply  the  photoresist  on  all  parts  fabricated 
under  this  effort.  The  parameters  for  correct  exposure  of  the  photoresist  have 
also  been  established  on  an  automated  unit,  also  capable  of  handling  the  larger 
sizes. 

The  attachment  of  phosphor  to  the  Cermifax  photoresist  is  dependent  on  the 
tackiness  of  the  heated,  unexposed  photoresist.  The  degree  of  tackiness,  among 
other  factors  such  as  particle  size,  etc.,  governs  the  uniformity  of  the  phosphor- 
deposit.  Since  the  degree  of  tackiness  is  dependent  on  temperature,  it  is  of 
paramount  importance  to  maintain  adequate  temperature  uniformity  over  the  entire 
surface  of  interest  during  the  actual  phosphor- attachment  (dusting)  operation. 

Again,  maintaining  relatively  good  temperature-uniformity  over  a  small  area 
(approximately  4"  X  4")  is  readily  feasible,  but  it  will  become  increasingly  more 
difficult  to  achieve  as  the  size  of  the  substrate  is  increased.  In  anticipation 
of  this  problem  arising  on  larger-size  plates,  a  back-up  method  has  been  investi¬ 
gated,  and  its  development  is  nearing  completion.  This  approach  provides  a  "cold" 
method  of  attaching  phosphor  to  the  resist.  It  employs  the  use  of  dichromate- 
sensitized  polyvinyl-alcohol  photoresist  (PVA  resist),  commonly  used  in  the  CRT 
industry.  The  resist  is  applied,  for  this  purpose,  using  an  automatic  spray 
system,  dried,  exposed  using  the  automated  exposure  system,  and  developed,  leaving 
resist  only  where  phosphor  is  to  be  subsequently  attached.  A  slurry  of  phosphor/ 
water/alcohol  is  prepared  and  applied  at  room- temperature  over  the  entire  area 
coated  with  resist.  The  water/alcohol  blend  attacks  the  resist,  causing  it  to 
swell  and  become  tacky,  thus  permitting  the  phosphor  to  become  attached  and  held 
more  firmly  as  the  water/alcohol  blend  evaporates  and  the  resist  hardens.  The 
resist  is  then  polymerized  with  heat  to  permit  deposition  of  another  layer  of 
phosphor.  These  steps  are  repeated  for  each  application  of  phosphor  necessary. 
Several  plates  have  been  successfully  coated  with  phosphor  by  this  method,  and  a 
visual  examination  of  the  deposit  has  revealed  a  high  degree  of  uniformity  and 
high  packing-density  of  the  adhered  phosphor-particles.  A  suitable  method  for 
permanently  attaching  the  phosphor  to  the  glass-dielectric  is  presently  being 
investigated . 
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4.  SEALING  AND  REGISTRATION 


The  following  128-60  devices  were  completed  during  this  quarter,  using 
parts  which  were  in  process  during  the  latter  period  of  the  fourth  quarter. 


Device  #  Front  Plate  Back  Plate 

4013  Multi-color  donuts  with  Sylvania  #147  ABS  material 

surrounding  Sylvania  with  dot  windows 

#147  u.v. -absorbing  material 


4014 

4016 

4017 


4019 


Multi-Color  Donuts  only 

Multi-Color  Donuts 

Green  Donuts  with  Sylvania 
#147  u.v. -absorbing 
material  surrounding 

Multi-Color  Donuts  Only 


Sylvania  #147  ABS  material 
with  dot  windows 

Standard 

Standard 

Standard 


A  3-MB  micro-projector,  manufactured  by  Stokes  and  Yale,  Inc.,  was  procured 
by  Owens-Illinois  funding  di.  ring  this  quarter.  This  unit  was  first  evaluated 
from  the  standpoint  of  both  phosphor-deposition  alignment  and  plate- registration 
for  sealing.  The  results  indicated  that  the  depth-of- focus  of  this  unit,  using 
either  a  5X  or  10X  lens,  is  adequate  to  permit  viewing  of  both  plates  for  sealing- 
registration  purposes  and,  with  proper  lignt- filtering,  will  be  useful  in  aligning 
the  phosphor-pattern  photomaster  to  the  electrode/dielectric-coated  part  in  the 
phosphor-deposition  operation.  Based  on  these  results,  this  unit  was  purchased, 
and  a  second  unit  has  been  ordered.  As  described  in  the  Fourth  Quarterly  Report, 
two  micropro jectors  will  be  required  to  view  two  sets  of  tick-marks  simultaneously 
and  thus  permit  correct  alignment. 
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5.  512-60  COLOR  ACTIVITY 
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been  receiwj. “e'e  Prepared;  the  ertoork  and  photometer  were  ordered  and  have 
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FIGURE  4.  #512-60  3-COLOR  DESIGN 
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6.  PANEL  EVALUATION 


6.1  Static-Test  Results 


Static  measurements  were  made  on  42  Xenon- filled  phosphor-panels  over 
128  X  128  lines. 

Static  data  are  taken  by  driving  the  full  panel  with  a  "sustain"  generator. 
The  voltage  is  raised  until  a  discharge  occurs  at  one  or  more  cell-sites.  This 
is  the  minimum  turn-on  voltage  V^(min) ,  and  this  value  is  recorded.  The  sustainer 
voltage  is  then  raised  until  all  cells  turn  on,  giving  a  measure  of  the  maximum 
turn-on  voltage  Vf(max).  The  voltage  is  then  lowered,  and  the  maximum  turn-off 
voltage  Vg(max)  and  minimum  turn-off  voltage  VE(min)  are  measured  in  a  similar 
manner.  The  static  operating  characteristics  of  the  panel  are  then  determined 
from  Equations  1  t’  rough  9. 

The  significance  of  these  performance  factors  can  be  understood  by  reference 
to  Figure  5,  which  shows  a  plot  of  the  percentage  of  cells  "on"  as  a  function  of 
applied  sustainer  voltage. 

The  static  characteristics  of  the  42  panels  tested  are  given  in  Table  1. 


6.2  Data  Interpretation 

Static  characteristics  are  a  convenient  means  of  evaluating  panel  performance, 
since  the  measurements  can  be  quickly  and  easily  made.  Since  no  individual 
cell-addressing  is  required,  all  electrodes  on  each  edge  of  the  panel  can  be 
shorted  out,  greatly  simplifying  connection  to  the  electronic  test-system.  In 
real  usage,  however,  each  individual  cell  in  the  panel  must  be  capable  of  being 
addressed  and  turned  on  or  off  selectively  without  effecting  any  unaddressed 
cells.  Static  data  can  therefore  only  give  a  general  indication  of  relative  panel 
performance.  It  can  detect  panels  which  definitely  cannot  operate  dynamically, 
but  cannot  guarantee  that  even  the  better  static  performers  will  necessarily  be 
dynamically  addressable.  Dynamic  performance  depends  on  the  electronic  drive 
system  used  and  is  limited  by  panel-conditioning  and  cell-to-cell  interactions 
which  cannot  be  measured  statically. 

Figure  6  shows  a  typical  set  of  dynamic  voltage-characteristics  for  a 
DIGIVUtfH)  display/memory  panel.  The  pulse-voltage  (Vp)  required  to  write  or  erase 
addressed  cells  is  plotted  as  a  function  of  "sustain"  voltage.  The  useful  "sustain" 
voltage  range  is  seen  to  be  limited  by  VE(max)  and  Vp(min)  from  the  static 
voltage  measurements.  Therefore,  the  maximum  range  of  sustainer  voltages  over 
which  it  is  at  all  possible  to  operate  a  panel  is  given  by  Vopt(R). 

The  first  requirement  that  a  panel  must  meet  to  be  dynamically  addressable 
is  that  Vopt(R)  be  some  positive  value.  That  is,  Vg(max)  must  be  less  then 
Vp(min) .  The  larger  Vopt(R)  is,  the  greater  the  probability  that  the  panel  will 
operate  dynamically. 
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Firing  voltage  mean 


VF(M)  =  VF(max)  +  VF(min) 
2 


Equation  1 


Firing  voltage  range 

VF(R)  =  VF(max)  -  VF(min) 

Turn-on  Figure  of  Merit 

F-ON  =  VF(R)  X  100 
VF(M) 

Extinguishing  voltage  mean 

VE (M)  =  VE(max)  +  VE(min) 
2 


Equation  2 


Equation  3 


Equation  4 


Extinguishing  voltage  range 

VE(R)  -  VE(max)  -  VE(min) 

Turn-on  Figure  of  Merit 

F-OFF  -  VE  (R)  X  100 
VE(M) 

Operating  Mean 

V-OPT(M)  =  VF(min)  +  VE(max) 

2 


Equation  5 


Equation  6 


Equation  7 


Operating  Range 


V-0PT(r)  =  VF(min)  -  VE(max) 


Equation  8 


Operating  Figure  of  Merit 


F-OPT  =  V-OPT(R) 
V-OPT(M) 


X  100 


Equation  9 
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“  Cifl  lb  " 


figure  5.  static  voltage  characteristics 
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1  p  (MWO 


TABLE  1 


STATIC  CHARACTERISTIC  DATA 


Panel 

No. 

Description 

Vopt 

Volts 

Vopt(R) 

Volts 

vf(R) 

Volts 

ve(R) 

Volts 

F-on 

7. 

F-off 

7. 

1. 

R,G,B  Donuts  3  color 

260.55 

-13.70 

53.60 

24.70 

19.11 

9.69 

2. 

Single  G  Donuts 

278.95 

-47.10 

81.10 

59.80 

27.40 

21.94 

5. 

3  Color  Donut  Quad 

252.85 

-19.10 

45.60 

26.10 

17.14 

10.47 

20. 

3  Quad  G  Donut 

258.65 

20.70 

21.00 

14.00 

7.51 

5.80 

23. 

j  3  Quad  R,G,B 

253.20 

1.40 

44.60 

8.80 

16.15 

3.55 

24. 

1  Diag.  Abraided,  other 
3/4  Covered  G  Dots 

294.30 

-28.40 

63.60 

41.00 

20.39 

14.24 

25. 

Multi-color  (3  color) 

275.25 

-17.50 

26.50 

49.10 

21.69 

20.30 

27. 

|  Multi-Color  Donut 

257.45 

-  2.70 

20.10 

38.60 

i 

7.55 

16.12 

28. 

3/4  Coated  Gr*  en 

293.35 

-24.10 

50.50 

72.30 

16.47 

26.85 

32. 

3/4  Covered  G  Dots 

269.10 

-  3.80 

34.40 

23.30 

12.10 

8.98 

33. 

G  Donuts 

263.25 

-  3.30 

39.10 

20.50 

13.80 

7.98 

34. 

Triad  Donuts 

273.00 

20.00 

13.80 

17.50 

4.76 

6.88 

35. 

R,G,B  Dots  &  Donuts 

258.55 

-  3.50 

49.20 

20.20 

17.49 

8.07 

36. 

Multi-color,  Back  1/2 
panel  frosted  diag. 

265.70 

-  0.40 

56.50 

18.80 

19.24 

7.33 

37. 

Dots  &  Donuts  R,G,B 

288.45 

-45.10 

55.10 

63.20 

18.78 

22.62 

38. 

G  Dots 

265.55 

-  3.30 

39.10 

20.50 

13.80 

7.98 

39. 

R.G,B 

263.60 

9.60 

34.50 

14.30 

12.08 

5.68 

40. 

Multi-color  donuts 

248.90 

-  4.80 

57.50 

15.00 

20.89 

6.15 

41. 

G  Donuts 

285.85 

-86.10 

111.40 

93.80 

37.32 

33.26 

42. 

Multi-color  Donuts 

283.65 

-  7.50 

24.50 

40.00 

8.39 

14.96 

43. 

Multi-color  Donuts 

302.65 

-21.50 

57.40 

42.70 

17.90 

14.62 

44. 

G  Donuts  -  60  lpi 

268.20 

12.60 

29.70 

16.70 

10.27 

6.59 

45. 

G  Donuts  -  60  lpi 

262.65 

-  7.10 

34.60 

17.70 

12.52 

6.88 

47. 

G  Donuts 

271.70 

2.80 

42.70 

22.50 

14.50 

8.69 

48. 

Multi-color 

277.  30 

-  8.00 

37.30 

34.10 

12.78 

12.91 

50. 

Multi-color 

251.55 

12.10 

33.70 

14.20 

12.28 

5.96 

51. 

Multi-color  Donut 

264.00 

19.60 

39.20 

16.30 

13.36 

6.63 

53. 

243.60 

-  1.80 

40.90 

7.40 

15.54 

3.07 

54. 

Multi-color 

259.15 

18.30 

46.60 

7.90  ' 

15.98 

3.21 

55. 

Multi-color 

276.70 

29,60 

25.50 

14.60  | 

8.38 

5.74 

56. 

G  Donuts 

265.95 

9.10 

35.10  i 

18.50 

12.19 

7.34 

57. 

G  Donuts 

262.65 

9.70 

48.50  ; 

17.70  j 

16.62 

7.11 

58 .  | 

Multi-color 

257.40 

-  5.60 

58.80  j 

21.10 

20.71 

8.45 

59.  j 

G  Donuts 

265.95 

10.50 

40.40 

15.30 

13.87 

6.05 

62. 

Multi-color  -  60  lpi 

269.65 

0.90 

29.00 

21.10 

10.19 

8.16 

63.  1 

G  Donuts  -  60  lpi 

273.20 

-13.60 

61.30 

20.50 

20.64 

7.60 

64. 

Multi-color  on  both  F&B 

253.65 

2.70 

48.00 

9.20 

17.21 

3.72 

66. 

Bi-color  combinations 

253.00 

-  2.40 

66.10 

10.10 

23.21 

4.05 

70. 

Multi-color 

255.80 

7.60  i 

46.00 

10.60 

16.28 

4.30 

71. 

Multi-color 

250.85 

-23.70 

82.90 

28.70 

29.56 

11.56 

73. 

Multi-color  Donuts  (60) 

263.75 

-  2.30 

39.40 

13.00 

13.96 

5.03 

74. 

Multi-color  (60  lpi) 

261.10 

-  8.80  ( 

19.40 

17.00 

7.28 

6.62 

E (MAX) 


FIGURE  6 
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TYPICAL  dynamic  characteristics 


of  first  "on"  v”^vHo)°Stu«  J  J 'u 

“It  W  by  ChC  4  VP  th8  "°££"'  T«W  •  ^"'h, 

fulse  range,  as  shown  in  Figure  6,  operating  erase- 

to  Jon::  *. 
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g£_alISm  oto,  the  greater  the  probabiH tyTJ 


kil _ Analysis  of  Static-Test  Data 
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Vopt 

Volts 

Vopt(R) 

Volts 

VF(R) 

Volts 

VE(R) 

Volts 

F-on 

Z 

F-off 

Z 

Average  of  best  14 
phosphor-panels 

264 

13.2 

36.0 

15.0 

12.5 

6.0 

Typical  Commercial 
Panel 

149 

20 

6 

5 

3.7 

3.7 

TABLE  2  -  AVERAGE  STATIC-CHARACTERISTICS 


»«n„factJ:rX;::::::  n”hr:™:t:d,u*invhe  sa°e  a„d 

the  phosphors  and  the  “. "f  xtnlTZl  t""Pf  "t  ^  addltl0'-‘  °f 

pane.-porfor.anco  are  tho  IZfTXl iTruZ 

he  gas  at  the  electrode^intersections  \Jith  t-H *%  rinmtp  c*  ^ 

of  tho  phosphor  Is  minimized  with  tho  phosphor  being  01^0^  ^  J^f'S””" 
discharge-area,  uhich  is  hidden  by  the  electrode-Jersection. °‘y  ‘ 
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o^ria“;„t1°f8e^ofh°h,o«rcrdn.UtLJt„Jn  “f11  *««t  tk. 

of  the  panel  worse.  *“e  the  overall  electrical  uniformity 


•high  degree  of  photo- lumlnwcence  This  gas  h  eXCellent  choice  to  obtain 

»hen  used  In  plasm  display  pan^s  The^Townaend*  8°“  ““^alrable  characterise 
low,  causing  the  firing  voltage  to  ?  coafflcient  la  relatively 

breakdown  voltage  Is  fairly  sensitive  to  high*  In  additi°n.  the  firing  or 
•  given  variation  In  this  dimension  within^  **ap~®Pac*n8  wlthin  the  panel.  For 
will  result  1„  poorer  turn-on  a^u^  ta^ ’,^0^ty°f  ^  ■" 


- J  w 

Separate  from  this  contract  and  min.  4, 
h«  previously  developed  and  reduced  £  M^ScTTeS??"**  ^“-IHinoJ 

which  are  suitable  for  exciting  phosphor Jlnd  £  £l  co“Posite  gas-mixtures 

characteristics.  The  possibllltf  of„I<  d  ha?e  “°re  deairable  plasma-panel 
111  be  considered.  P  Uty  of  ua*o*  one  of  these  mixtures  on  thil  program 


A-A  Optical  Crosstalk 


i.«.,  the^d^ff^r’-off^pholihord8^^  “hOWed  a"  apparent  "shadowing"  effect 
than  the  far  side.  Itow  siS^^^“r  a*"°n''  cel1  «lov.  *>«  bright!; 
donut  glows  more  brightly  than  the  far  sidl  of“h!  Il  °t  ^  "0ff"  photPhor- 
thesa  results  are  due  to  the  existence  -.f  Iia  h?  fl*  t#  Jt  waa  Postulated  that 
the  electrodes.  The  two  halves  of  a  don  *-  d*?!I  th*  dlelectric  layer  above 

•idge.  A  cross-section  of  a  phosphor-carrying  plate  ^  dlfferent  8l°pea  of  the 
u-lng  standard  «tallogr.Phic  equfpLn!  S«eL  ol  !f*  JTnted  and  P°“«hed, 
Mechanics,  and  Material  Science ’of^chlgarsIIS  v  i  *  ?*p?rt,Bent  of  Metallurgy, 
examination  confirmed  that  the  don,,?.  ?  ,  V  !  University).  Microscopic 
above  the  electrodes.  d°nUtB  d°  lndeed  lle  on  ^8*.  of  dielectric  glass 
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7.  DRIVE  CIRCUIT  DEVELOPMENT 


The  work  done  in  the  fifth  quarter  consisted  primarily  of  completing  the 
circuits  begun  in  the  fourth  quarter.  These  circuits  are  to  test  the  fundamental 
drive-and-address  waveforms  which  will  be  implemented  in  the  seventh  and  eighth 
quarters.  In  addition,  the  circuits  will  be  used  to  examine  various  panel-operating 
parameters,  such  as  dynamic  operating  range.  The  circuits  produce  a  variable 
frequency,  three- level,  rectangular  waveform  in  which  the  amplitude  of  each  level 
may  be  independently  adjusted  from  0  to  400  volts.  In  addition,  they  are  capable 
of  producing  three  address-pulses,  independent  of  each  other  in  both  phase  and 
amplitude,  whose  amplitude  is  variable  from  0  to  800  volts. 


This  drive/test  circuit  is  now  in  operation  and  is  capable  of  driving  and 
addressing  any  point  on  a  128  X  128  panel.  It  has  been  tested  on  a  standard 
non-phosphor  panel  and  a  phosphor,  three-color  panel. 

During  this  quarter,  it  was  operated  in  a  scan  mode  as  a  test  of  the  circuits 
and  as  a  preliminary  test  of  the  panel.  These  preliminary  tests  were  performed 
with  all  three  sustainer  pulses  set  at  the  same  amplitude.  In  this  configuration. 

it  has  been  shown  possible  to  write  selectively  on  an  entire  128  X  128  element  * 
phosphor- panel .  ~  - - - 
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fc  PUBLICATIONS,  LECTURES,  REPORTS  AND  CONFERENCES 


contract  during  Hhe^iof  cove  red  b^hiTrepor^1"8  ^  the  W°rk  Under  Chis 


Reports: 


1  April*  5r,*sry  IZV  f0r  thIS  Conttact'  the 

rmJLwi*  J  l'x.t  30  June’  1971,  was  submitted  to  the  U  S  Annv 
Comnand,  Fore  Mon^o-  New  Jersey,  during  th.  present  rep^ 


period  from 
Electronics 
period. 


Conferences: 


On  Friday,  July  9, 
Attending  were: 


1971,  a  conference  was  held  at  Ft. 


Monmouth. 


ECOM,  Ft.  Monmouth 

M.  Ci wo l 
J.  Re  ingold 


OWENS- ILLINOT  s 

M.  S.  Hall 
H.  J.  Hoehu 
H.  G.  Slottow 
R.  A.  Martel 
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9.  PROGRAM  FOR  SIXTH  QUARTER 


1.  Initiate  fabrication  of  3-color  #512-60  parts  and  assemblies. 

2.  Fabricate  and  process  thin- film  metal  photomasters  and  evaluate 
this  method  as  a  means  of  obtaining  improved  phosphor- alignment . 

3.  Continue  to  investigate  materials  which  can  enhance  contrast 
and  reduce  optical  crosstalk. 

4.  Design  and  initiate  fabrication  of  fixturing  which  will  permit 
improved  phosphor-alignment  and  plate-registration  in  large-area 
devices. 

5.  Design  and  order  artwork  for  the  fabrication  of  3- color,  #1024-60 
panels. 

6.  Procure  #1024-60  substrates. 

7.  Complete  evaluation  of  #128-60  drive-system  for  multistate 
operation. 

8.  Begin  design  of  #1024-60  drive-system. 
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